US  Army  Corps 
of  Engineers 

Waterways  Experiment 
Station 


Technical  Report  HL-93-3 
June  1993 


AD-A268  223 

■iimiii 


Demonstration  Erosion  Controi 
Project  Monitoring  Program 

Fiscal  Year  1992  Report 

Volume  VI:  Appendix  E 

Expeditious  Design  and  Review 
of  Pipe-Drop  Drainage  Features 


by  Chester  C.  Watson,  Steven  R.  Abt 
Colorado  State  University 


Approved  For  Public  Release;  Distribution  Is  Unlimited 


as  8  18  oia 


93.^9^92 

iiiiiiii|3v« 


Prepared  for  U.S.  Army  Engineer  District.  Vicksburg 


The  contents  of  this  report  are  not  to  be  used  for  advertising, 
publication,  or  promotional  purposes.  Citation  of  trade  names 
does  not  constitute  an  official  endorsement  or  approval  of  the  use 
of  such  commercial  products. 


PRINTED  ON  RECYCLED  PAFBR 


Technical  Report  HL-93-3 
June  1993 


Demonstration  Erosion  Controi 
Project  Monitoring  Program 

Fiscai  Year  1992  Report 

Volume  VI:  Appendix  E 

Expeditious  Design  and  Review 
of  Pipe-Drop  Drainage  Features 

by  Chester  C.  Watson,  Steven  R.Abt 

Civil  Engftteering  Department 
Engineering  Research  Center 
Colorado  State  University 
Fort  Collins.  CO  80523 


Finalreport 

Approved  for  public  relsaiBidhIributlon  is  unimliKi 


Prepared  for  U.S.  Army  Engineer  District.  Vicksburg 
3550 1-20  Frontage  Road 
Vicksburg.  MS  39180*5191 

Monitored  by  Hydraulics  Laboratory 

U.S.  Army  Engineer  Waterways  Experiment  Station 
3909  Halls  Ferry  Road,  Vicksburg,  MS  39180*6199 


Witenwiy  Experiment  Station  Cfiog<no-fa>-PubUctlon  Date 
Watson,  Chester  C. 

Demortttration  Erosion  Control  Project  Monitoring  Program :  fiscal  year  1992  re¬ 
port  Volume  Vi:  Appendix  E,  expedittous  design  and  review  of  p^MK^  drainage 
features  /  by  Chester  C.  Watson.  Steven  R.  Abt ;  prepared  for  U.S.  Army  Engineer 
District,  Vicksburg ;  morritored  by  HydrauKcs  Laboratory,  U.S.  Army  Enj^neer  Wa¬ 
terways  Experiment  Station. 

30  p. :  W. ;  28  cm.  —  (Technicai  report :  HL-93-3  v.  6) 

1.  Drainage  pipes— Desion  and  oonstnjction.  2.  Spillways— Design  and  con¬ 
struction.  3.  Watershed  management  4.  Diversion  structures  (Hydraulic  engi¬ 
neering)— Design  and  construction.  I.  Abt  Steven  R.  11.  United  States.  Army. 
Corps  of  Engineers.  Vicksburg  District  III.  U.S.  Anny  Engineer  Waterways  Exper- 
imentStatbn.  IV.  Tltie:Exp«Stious  design  and  review  of  pipeKiropdrrin^  fea* 
tees.  V.TWe.  VI.  Series:  Technicai  report  (U.S.  Army  Engineer  Waterways 
Experiment  Station) ;  HL-93-3  v.  6. 

TA7W34no.HL-93-3v.6 


Contents 


1.0  INTRODUCTION  . El 

1.1  Pmpose . El 

1J2  R^ort  Organization . El 

13  Antborizatkm . E2 

1.4  Acknowledgement . E2 

2.0  DROP  PIPE  STRUCTURES  . E2 

3.0  EXISTING  HYDROLOGIC  AND  HYDRAUUC  DESIGN 

METHODOLOGY . E6 

3.1  Hydrologic  Design  Methodologies . E7 

3.1.1  Engineering  Field  Manual  Chapto’  2  (EFM2) . E7 

3.13  Technical  Release  55  (TR'55)  . E8 

32  Hydraulic  Design . E9 

4.0  RESULTS  AND  RECOMMENDATIONS . E13 

4.1  Results . E13 

4.1.1  R^ression  of  Hydrologic  Data . E13 

4.13  Computational  Procedures . E21 

43  Recommendations  . E23 

REFERENCES . E25 

SF298 


List  of  Figures 


Figure  2.1  Nomenclature  for  various  parts  of  drop  spillways . E3 

Figure  23  Nonwndature  for  various  parts  of  chute  and  drop  inld 

qtillways  . E4 

Figure  23  Recommended  by  SCS  (1984)  as  the  most  economical  type  of 
structure  for  various  conditkms  of  discharge  and  dn^ 

height  . E6 

Figure  3.1  Discharge  rating  curves  slKrwing  the  erratic  flow  zone 

(x-y-z) . Ell 

figure  33  Di^h^e  rating  curves  for  a  properly  sized  pipe  drq> . Ell 


Figure  4.1  Gompariaon  of  contractor  computed  disdiaige  and  EFM2 


discharge . E15 

Figure  4  EMF2  discharge  versus  curve  number . E15 

Figure  43  EFM2  discharge  versus  time  of  concoittation . E16 

Figure  4.4  EFM2  discharge  versus  slope . E16 

Figure  43  EFM2  disdiarge  versus  watershed  length . E17 

Figure  4.6  EFM2  disdiaige  versus  drainage  area  . E17 

Figure  4.7  EFM2  discharge  vosus  regression  computed  disdiarge  ....  E18 

Figure  4.8  Drainage  area  frequency  distributim . E19 

Figure  4.9  Curve  number  fre^ency  distribution . E19 

Figure  4.10  Watershed  length  frequency  distribution . E20 

Figure  4.11  Slope  frequency  distribution .  E20 

Figure  4.12  Data  input  and  design  table  from  PDROP  . E22 

Figure  4.13  REGRESS  and  EFMi23  data  input  screens  . E23 


List  of  Tables 


Table  3.1  Discharge  Ranges  for  Two  Typical  Designs . E12 

Table  4.1  Contractor  Data  Set . E14 


Aeeaeslon  Ter  _ 

r  RIS  QRAJcI 

or  a 

DTIC  TAB 

Unannounced 

□  ' 

Justification — 

_ 

Dletrlbutlcn/ 

_ 

r  Availability  Codon 

Avail  and/or 
Dial  Speolal 


IV 


Appendix  E 

Expeditious  Design  and 
Review  of  Pipe-Drop  Drainage 
Features 


1.0  INTRODUCTION 


Drop  drainage  features  can  be  valuable  con^xnats  of  a  ccnnpreliea* 
sive  waterriied  stabilization  plan,  and  are  primarily  used  in  agricultural  wato*- 
sheds  to  iMDvide  a  non-eroding  drainage  Met  from  upper  bank  drainage  to  the 
channd  bottom.  In  the  Yazoo  Basin,  many  of  die  streams  are  severely  incised 
and  rdatively  minor  amounts  of  oiqier  bank  drainage  can  result  in  gully  forma¬ 
tion  and  advancement  Used  in  this  situation,  the  dn^  p^  can  save  signifi¬ 
cant  agricultural  production  loss  and  can  reduce  soil  loss  into  die  channels. 


1.1  Purposs 

The  purpose  of  this  project  has  been  to  develqi  a  procedure  for  the  design 
of  p^  drop  structures  that  will  reduce  the  overdl  cost  of  hydraulic  engineer¬ 
ing  and  design  for  these  features.  Both  the  hydraulic  and  hydrology  aspects  of 
the  design  process  have  been  examined  and  modifications  in  the  dcs^  process 
have  been  reamunended. 


1.2  Report  Organization 

Chqita^  2  of  this  rqxnt  includes  a  discusaon  of  the  apfdicabflity  of  types 
of  drop  or  grade  omitrol  structures,  and  a  discussion  of  the  recommended  uses 
of  the  drop  p^  Charter  3  b^ins  with  a  discussion  of  the  U.S.  Department 
of  Agricnltnre,  Sofl  Conservation  Service  (SCS)  hydredogy  programs  EFM2 
and  TR-5S,  Miich  have  been  the  basis  for  the  exhning  hydMogy  design 
procedure.  The  hydraulic  program  DR-PIPE  has  been  devdoped  Ity  penonnd 
of  the  Vickaburg  District,  COE  based  rm  SCS  gniddines,  and  these  gniddines 
will  also  be  presented.  Chapter  4  indudes  a  discussion  of  sltenative  methods 
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for  devetopmeot  of  project  hydrology  and  hydraulics  and  some  additional 
recommendations. 


1.3  Authorizatioii 

This  research  was  conducted  under  authorization  of  Contract  No. 
DACW39-91-C-0077  between  die  U.S.  Army  Engineer  Waterways  Eiqieriment 
Station  (WES)  and  Colorado  State  University  (CSU).  Mr.  Nolan  K.  Rqihdt 
was  the  Tedinical  Program  Officer  for  the  contract  Principal  Investigators  for 
the  project  were  Dr.  Chester  C  Watson,  Reseandi  Assistant  Professor,  and 
Dr.  Steven  R.  Abt,  Professor,  Civfl  Engineering  Department  at  Colorado  State 
University. 


1.4  AcknoMrlcdgamont 

This  project  was  corrgileted  with  the  assistance  of  posonnd  of  the  U.S. 
Army  Engineer  Waterways  E]q;>eriment  Station,  in  particular,  Mr.  Mike  Ttawle, 
Mr.  Ntrian  Raphdt,  Ms.  Bmda  Martin,  and  Dr.  B(^y  Brown.  Mr.  John 
Smith  and  Mr.  Charles  little  of  the  Vicksburg  District  were  of  ^ledal  value  in 
furnishing  data  and  discussing  the  design  procedures.  Ms.  Helen  Fox  Moody 
of  the  SCS  Tedinology  Devdopment  and  Siqiport  Staff  graciously  provided 
SCS  literature  and  computer  programs.  Others  in  these  agencies  provided 
valuable  assistance.  The  hdp  of  all  uiio  assisted  ns  in  diis  reseat  is 
gratefully  acknoudedged. 


2.0  DROP  PIPE  STRUCTURES 


Drop  pipe  structures  bdong  to  a  famfly  of  structures  gmerally  referred  to 
as  grade  ccmtrol  structures.  The  primary  purpose  of  these  structures  is  to  pro¬ 
vide  a  positive  base  levd  for  the  upstream  channd.  In  addition  to  this  primary 
functkm,  grade  control  structures  can  be  used  to  provide  storage  of  watm  and 
sediment,  and  can  be  used,  with  the  jnqiCT  instrumentation,  for  stream  dis¬ 
charge  measurement  sites.  The  SCS  (1984)  terminology  for  spillways  can  be 
afqilied  to  most  types  of  drop  structures.  Ihat  terminology  dracribes  structure 
components  as  the  earth  embankment,  inlet,  conduit,  and  outlet  The  three 
principal  types  of  structures  used  by  the  SCS  are  the  drop  ^Olway,  the  dir^ 
iidd  qpillway,  and  chute  ^illways.  Figures  2.1  and  2.2  are  taken  horn  the 
SCS  (1984)  manual  and  illustrates  commonly  used  types  of  structures  which 
can  be  cmistrocted  in  channds  to  provide  gi^  control. 

Various  combinations  of  inlets,  conduits  and  outlets  can  be  combined  for 
q)ecific  qrplications.  Fbr  exanqrle,  this  report  primarily  is  concerned  widi  pipe 
structures,  in  which  the  dr^  inlet  spfllway  shown  in  Hgute  2.2  uses 
corrugated  metal  pipe  for  the  inlet,  conduit,  and  outlet 
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Figure  2.1 .  Nomenclature  for  various  parts  of  drop  spillways  (from  SCS,  1984) 
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Pigiire  2.2.  Nomenclature  for  various  parts  of  cfnjte  and  drop  inlet  spillways  (from  SCS,  1984) 


Embankments  are  oaed  to  direct  the  flow  tfaioa^  the  stmctnie.  If  deteatkm 
of  storm  flow  is  an  inqKxtuit  nde  of  die  drop  atroctme,  the  eoibsakiiient 
design  and  oonstractkMi  may  be  critical.  Many  drop  strnctmea  have  been 
ccmstnicted  with  limited  detoitkni,  and  widwnt  the  potential  few  overbank 
flow.  These  in-channd  strnctnres  may  have  no  embankment 

Flow  entos  the  qiillway  throng  die  inlet  whidi  may  be  a  box,  a  weir 
along  a  wall,  or  varions  amdnh-type  inlets.  Tbe  box  inlet  may  be  straight  or 
flared.  The  wall  may  be  straight  flared,  or  enrved.  The  omd^'Qrpe  inlet 
may  be  round,  square,  rectangular,  and  widi  a  square  edge,  flare,  m  widi  anti- 
vmtex  modifications. 

Vertical  walls  extending  into  the  sofl  foundation  under  die  inlet  are  known 
as  cutoff  walls.  The  main  purpose  of  a  cutoff  wall  is  to  prevoit  water  seepage 
under  the  structure.  Similar  u^s,  extending  laterally  from  the  inlet  to  prevent 
seepage  and  erosion  around  the  aids  of  the  structure,  are  called  headwall 
extensiims. 

Flow  in  the  structure  conduit  component  moves  from  the  inla  to  the  oudet 
The  conduit  may  be  closed  in  the  form  of  a  box  or  pipe,  or  open  as  in  the 
form  of  a  rectangular  diannd.  Cutoff  walls  or  anti-seqi  collars  are  usually 
constructed  as  a  part  of  the  conduit  to  prevent  seqiage  along  the  conduit 
length.  Seepage  can  amtribnte  to  structure  failare. 

Flow  leaves  the  structure  throu^  die  oudeL  The  jmmary  function  of  die 
ouda  is  to  discharge  the  wata  into  the  downstream  channd  without  excessive 
scour  that  may  destabilize  the  downstream  channd  or  the  structure.  The  oudd 
may  be  cantilevered,  a  plain  qiron  oudet,  or  an  apron  with  various  types  of 
enagy  dissipating  devi^  to  minimize  erosive  ouUd  omditions.  (SCS,  1984) 

Combination  of  the  varioos  qrpes  of  components  can  result  is  various  types 
of  drop  structures  or  spillways.  Figure  23  is  a  conqiilatxni  of  data  by  the  SCS 
(1984)  for  use  as  a  recommendation  for  the  most  economied  type  of  structure 
for  various  combinations  of  discharge  and  drop  bdghL  As  shown  in  the  fig¬ 
ure,  the  uppa  range  for  discharge  is  150  to  200  cfs.  This  coincides  with  a 
drainage  area  of  spfMoximatdy  80  to  120  acres  for  a  2-year  discharge  fre¬ 
quency  in  the  Yazoo  Basin.  These  recommendations  are  considoed  to  be  only 
general  guidelines;  howeva,  most  of  the  pipe  drcqi  constructed  as  a  result  of 
the  DEC  program  are  within  this  generally  recommoided  range. 
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Figure  2.3.  Recommended  by  SCS  (1984)  as  the  most  economical  type  of  structure  for  various 
conditions  of  discharge  and  drop  height. 


3.0  EXISTING  HYDROLOGIC  AND  HYDRAULIC 
DESIGN  METHODOLOGY 

The  design  hydrology  methods  presently  being  used  in  the  Vicksburg  Dis¬ 
trict  utilize  basic  SCS  Curve  Numbo*  procedures.  Hydraulic  calculations  for 
design  of  the  pipe  drops  use  standard  hydraulic  calculation  relationships  within 
a  Fortran  code  develop  by  personnel  of  the  Vicksburg  District  This  chapter 
will  present  these  methods  and  provide  information  concerning  the  theory  and 
limitations  of  the  methods. 
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3.1  Hydrologic  Dosign  Mothodologios 


The  Engineering  Field  Manual  CSiapter  2  (SCS,  1989)  and  Technical 
Release  No.  55  (SCS,  1986)  and  the  compankm  computer  programs  are  avail¬ 
able  from  the  Techncriogy  Develofunent  and  Suj^rt  Staff  of  the  Sofl  Conser¬ 
vation  Service,  U.S.D.  A.,  Washington,  D.C 


3.1.1  Englnccriiig  Field  Manual  Chapter  2  (EFM2) 

The  EFM2  procedure  uses  the  typical  SCS  curve  number  procedure  for 
estimation  of  infiltration  and  runoff  based  soU  type  and  land  use.  Manual 
planimeter  measurement  of  the  drainage  area,  the  area  of  each  land  use  and 
each  soil  type  with  the  drainage  area  presently  requires  a  considerable  effort  of 
periiaps  sevoal  hours  for  each  drop  pipe  design.  Rainfall  is  conq)Ued  for  the 
drainage  area  from  frequency  precipitation  tables.  The  time  of  concentration  is 
estinuted  using  the  following  onpirical  relationship: 

T^  =  L°  ®((1000/CN)-9)0  '^/(1140  sP-^) 


where 

Tg  =  time  of  concentration  in  hours, 

L  =  flow  length  in  feet, 

CN  =  curve  number,  and 
S  s  average  watershed  slope  in  percent 

For  watershed  in  which  significant  uiban  area  impacts  on  the  time  of  concen¬ 
tration,  TR-55  methods  should  be  vied. 

The  EFM2  manual  states  that  the  average  watershed  slope  can  be  deter¬ 
mined  from  soil  survey  data  or  topognq)hic  maps.  Published  sofl  survey  slope 
data  available  within  the  Yazoo  Basin  has  been  generally  classifled  into  ranges 
of  slope,  for  example,  1%,  10%,  15%,  and  25%.  These  general  range  esti¬ 
mates  of  soil  association  slope  can  then  be  utilized  in  the  EFM2  program  as 
area  weighted  slope  averages.  An  alternate  approach  is  to  utilize  the  U.S.G.S. 
quadrangle  maps  to  compute  average  slope.  Both  of  these  methods  may  be  a 
source  of  error  in  estimating  pipe  drop  runoff:  the  sofl  association  slope  data 
is  only  proximate  within  certain  ranges,  and  the  quad  sheet  topogrtphic  data 
is,  at  best,  based  on  contour  intervals  of  5  feet.  Data  and  development  of 
procedures  to  utilize  a  30  meter  grid  of  the  best  available  topographic  informa¬ 
tion  within  software  developed  by  Intergraph  Corporation  is  presoitly  being 
tested  at  WES.  Comparison  of  the  new  WES  procedure  with  previously  uti¬ 
lized  manual  methods  may  demonstrate  that  the  new  method  is  more 
rq)roducible  and  accurate. 

Worksheets  1  and  2  in  the  EFM2  manual  show  the  manual  stq>s  in  the 
discharge  computation.  The  EFM2  computer  program  allows  a  rapid  calcula¬ 
tion  of  the  hydrology;  however,  with  or  without  the  EFM2  computer  program, 
the  laborious  task  of  plainmetering  the  required  areas  remains.  The  EFM2 
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hydrology  procedure  includes  onpirical  relationships,  and  the  following  limita¬ 
tions  are  reoonunended: 

*  The  watershed  should  have  only  one  main  stream. 

*  The  watershed  must  be  hydrologically  similar,  i.e.,  able  to  be  rq>re- 
sented  by  a  weighted  CN.  If  more  that  10%  of  the  area  is  non-rural, 
use  TR-55. 

*  Time  of  concentration  should  be  between  0.1  hour  and  10  hours. 

*  Flow  length  should  be  between  200  feet  and  26000  feet 

*  Snowmdt  or  rain  on  froze)  ground  cannot  be  estimated  with  EFM2. 

*  If  potholes  comprise  moro  than  a  third  of  the  area,  EFM2  cannot  be 
us^ 

*  Slope  must  be  between  0.5%  and  64%. 

*  The  curve  number  must  be  betweei  40  and  98. 


3.1,2  Technical  Release  55  (TR-55) 

Technical  Release  55  is  an  intermediate  stq)  between  the  EFM2  procedure 
and  more  thorough  procedures  such  as  included  in  HEC-1.  Althou^^  TR-5S 
does  contain  some  enqiirical  relationships,  most  of  the  limitations  of  EFM2 
concerning  time  of  concentration,  flow  length,  and  slope  have  been  eliminated. 
TR-55  presents  simplified  procedures  to  calculate  storm  runoff  volume,  peak 
rate  of  discharge,  hydrogr^hs,  and  storage  volumes  required  for  floodwater 
detention  reservoirs.  These  procedures  are  applicable  in  small  watosheds, 
particulariy  urbanizing  water^eds  in  the  Unit^  States. 

Differences  between  EFM2  and  TR-55  are  numerous;  howev^,  three  funda¬ 
mental  areas  of  difference  are  in  computation  of  time  of  concentration,  dis¬ 
charge,  and  storage  effects.  The  time  of  concentration  is  computed  by  adding 
the  time  of  travel  for  segments  along  the  primary  watershed  flow  path.  TR-55 
includes  the  capability  to  compute  storm  bydrographs  whereas  EFM2  allows 
only  computation  of  the  peak  discharge  rate.  TR-55  also  allows  for  computa¬ 
tion  of  temporary  flood  storage,  computing  either  a  storage  volume  required  to 
reduce  a  p^  discharge  to  a  required  attenuated  flow,  or  computing  an 
attenuated  flow  based  on  a  known  storage  volume. 

Technical  Release  55  pro^am  documentation  is  thorough  and  comprehen¬ 
sive.  Use  of  the  program  allows  rapid  computation  of  peak  discharge  and 
required  storage  volumes  for  desired  runofl  rates.  Data  requirements  are  simi¬ 
lar  to  EFM2.  The  completion  of  data  input  and  testing  of  the  WES  watershed 
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data  acquisition  procedure  wfll  enhance  the  value  of  the  TR-S5  program 
flexibflity. 


3^  Hydraulic  Design 

A  microcomputer  program,  DR-PIPE,  was  written  by  the  Vicksburg  District 
to  compute  the  head-discharge  rdatkmships  for  the  four  possible  flow  condi¬ 
tions  of  a  riser  p^  conduit:  riser  weir  flow;  riser  orifice  flow;  conduit  mifice 
flow;  and  conduit  flow.  The  condition  that  would  control  is  the  one  uiiich 
produces  the  lowest  flow  for  die  same  headwater  devation  or  pool  levd.  It  is 
desirable  that  either  riser  wdr  flow  or  conduit  flow  ccmtiol.  'Ae  disdiarge 
rdationsh^  fm  the  flow  conditions  follow: 

Riser  Weir  Flow: 

Q  =  3.2 

where  L  =  circumference  of  riser  pipe 

H  =  difference  in  devation  b^een  pool  level  and  crest 
of  the  riser. 

Riser  Orifice  Flow: 

Q  =  CA  [2gHl^ 

where  c  =  pipe  orifice  coeflicient  of  discharge  for  short  band 
CMP 

C  =  [1  +  .16  D°  ®  =  1.06/D^*2  1  -  0.02D 

D  s  pipe  diameter  in  feet 
A  =  area  of  riser  pipe 

H  =  difference  in  devation  between  pool  levd  and  crest 
of  the  riser. 

Conduit  Orifice  Flow: 

Q  =  CA  (2gH)^ 

where  C  &  A  are  defined  as  above  except  for  using  conduit 
diameter 

H  s  difference  in  devation  between  pool  levd  and 
upstream  centeriine  of  the  conduit 

Conduit  Full  Pipe  Flow: 

Q  s  A  [(2gH)  /  (1  +  Ke  +  KpL)]^ 

whoe  A  s  conduit  pipe  area 

Ke  s  minor  and  entrance  loss  s  1 
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iQ)  =  bead  loss  coefficient  =  5087  D^/di^ 
di  =  pipe  diameter  in  inches 
n  =  Manning’s  coefficient  =  .024  for  CMP 
L  =  conduit  pipe  length 

H  =  diffnence  in  pool  level  and  tail  water  devation 
which  was  assumed  to  be  free  flow  conditions  with 
tailwater  at  pq>e  invert  s  3/4D. 

Figure  3.1  is  a  gr^ih  of  discharge  plotted  as  a  function  of  water  surface 
devation  using  a  computer  program  similar  to  the  DR-PIPE  program.  The  line 
A-B  is  for  riser  weir  flow,  line  A-C  is  for  risCT  orifice  flow,  line  F-G  is  for 
conduit  pipe  flow,  and  line  E-D  is  for  conduit  orifice  flow.  The  volical  line  at 
devation  100  ft  is  the  devation  of  the  onogency  ^illway.  The  horizontal 
line  rq)resenting  a  constant  120  cCs  is  the  design  discharge.  As  shown  in 
Figure  3.1,  the  controlling  type  of  discharge  b^ins  at  elevation  97  ft,  the  ris^ 
top  devation,  and  the  controlling  type  of  flow  continues  to  be  riser  weir  flow 
along  line  A-B  until  a  shift  occurs  at  point  y  to  riser  orifice  flow.  Riser  orifice 
flow  results  as  the  head  on  the  riser  weir  continues  to  build  until  the  plunging 
nappe  becomes  completdy  submerged.  Controlling  flow  now  moves  along 
line  A-C,  the  riser  orifice  flow  condition  from  point  y  to  point  z.  At  water 
surface  elevations  greater  than  point  z,  the  controlling  type  of  flow  is  along 
line  F-G,  conduit  pipe  flow.  The  Bureau  of  Redamation  (1974)  refers  to  flow 
conditions  in  the  range  of  x,y,  and  z  as  an  oratic  flow  condition  in  which  the 
type  of  flow  and  the  edacity  or  water  surface  elevation  could  shift  erratically 
b^ween  the  three  computed  devation-discharge  relationships.  Erratic  flow 
conditions  can  result  in  damage  to  the  structure. 

Figure  3.2  shows  the  same  devation-discharge  relationships,  excqpt  the 
riser  diameter  has  been  increased  to  the  next  largo'  commercially  available 
pqie  size.  This  change  in  pipe  size  shifts  line  A-B  up  and  to  the  left,  resulting 
in  the  riser  weir  flow  line  to  intersect  a  100  cfs  discharge  at  ^proximately 
98.7  ft  and  the  conduit  pipe  flow  line  (F-G)  to  intersect  A-B  at  approximatdy 
98.9  ft  The  change  allows  the  controlling  flow  to  shift  directly  fiom  riser 
weir  flow  to  conduit  pipe  flow,  and  thus,  eliminates  the  oratic  x-y-z  range. 
Figure  3.2  represents  a  satisfactory  hydraulic  design  in  which  orifice  flow  is 
not  present  and  design  capacity  of  120  cfs  is  available  at  or  below  the 
emergency  ^illway  devation. 

Table  3.1  illustrates  a  characteristic  of  drop  pipe  design,  i.e.,  that  combina¬ 
tions  of  design  parameters  are  suitable  for  a  range  of  discharges,  not  a  single 
discharge.  Designs  A  and  B  are  hypothetical  configurations  of  ^illway, 
thalw^  riser  pipe,  and  conduit  exit  devations  that  are  within  the  ranges 
expected  in  DEC  application  of  these  structures.  For  Design  A  the  average 
satisfactory  discharge  range  is  about  18  cfs,  and  for  Design  B  the  satisfactory 
discharge  range  is  about  45  cfs.  These  ranges  result  because  manufactured 
p^  diameters  are  gmerally  available  only  in  6-inch  increments,  and  the 
amount  of  flow  allowable  in  a  given  size  pipe  is  a  function  of  head  available. 
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Figura  3.1  Discharge  rating  curves  showing  the  erratic  flow  zone  (x-y-z) 


Figure  3.2  Discharge  rating  curves  for  a  property  sized  drop 
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Table  3.1 

Discharge  Ranges  for  Two  Typical  Designs 


Upper  Range 
(cfe)i 

Riser,  Conduit 
Dlani.  (Ihchea) 

32 

30.24 

44 

36.24 

76 

4a30 

110 

48.36 

118 

54.36 

123 

54.42 

137 

60.42 

151 

66.42 

165 

72.42 

Design  B 


Lower  Range 


30.24 

42.30 

48.36 

54.42 

60,48 

72.54 


Appendix  E  Expeditious  Design  &  Review  of  Pipe-Drop  Drainage  Features 


4.0  RESULTS  AND  RECOMMENDATIONS 


The  Stated  purpose  of  this  research  has  been  to  develop  design  procedures 
that  would  reduce  the  overall  cost  of  hydraulic  mgineering  and  design  for  drop 
pipe  drainage  features.  This  duqrter  includes  a  discussion  of  hydrology  and 
hydraulic  design  procedure  alternatives  which  may  be  applicable,  and  includes 
recommendations  resulting  from  the  developmoit  of  those  modiflcations. 


4.1  RmuKs 

The  primary  results  of  the  research  are:  a)  development  of  a  regression  of 
hydrologic  data  that,  for  similai  conditions,  can  quiddy  predict  design 
discharge  based  only  on  drainage  area,  and  b)  develc^ment  of  Lotus  1-2-3 
^readsheets  for  hydrologic  and  hydraulic  design  programs  that  can  be  used  in 
the  office  on  desk  model  IBM-Compatible  computers  or  in  the  field  on  the 
HP-9SLX  palm  top  calculator. 


4.1.1  Regression  of  Hydrologic  Data 

A  set  of  pipe  drop  design  hydrology  and  hydraulics  calculations  were  fur¬ 
nished  by  the  Vicksburg  District  These  calculations  were  made  using  standard 
U.S.  Army  Corps  of  Engineers  and  SCS  design  procedures,  and  were  the  work 
product  of  an  A-E  Contractor.  Tlie  work  is  considered  to  be  satisfactory  set  of 
calculations,  and  has  been  used  as  a  baseline  for  comparison.  Table  4.1  is  a 
listing  of  the  contractor  derived  data  used  in  the  comparison. 

A  comparison  was  first  made  to  determine  the  correlation  between  the 
contractor  computed  2-year  discharge  and  the  discharge  computed  by  the  SCS 
EFM2  program.  Figure  4.1  illustrates  a  close  correlation  with  a  correlation 
coefficient  near  0.99.  Figures  4.2  through  4.5  illustrate  the  correlation  between 
a  selected  variable  and  the  EFM2  computed  discharge.  Correlation  with  the 
curve  number,  time  of  concentration,  and  slope  are  poor,  correlation  with 
watershed  length  is  somewhat  improved.  Figure  4.6  illustrates  the  correlation 
between  drainage  area  and  EFM2  computed  discharge,  which  yields  a 
correlation  coefficient  of  0.95. 

Q2.yj  =  3.41(Drainage  Area)®’®^ 

This  flgure  portrays  the  strength  of  a  simple  power  function  between  the 
drainage  area  and  the  discharge  for  forty-nine  DEC  watersheds. 

Figure  4.7  illustrates  the  comparison  between  the  EFM2  computed  dis¬ 
charges  and  the  discharges  computed  from  the  regression.  The  following 
statistics  define  the  relationship  between  the  EFM2-,  the  contractor-,  and  the 
regression-computed  discharges.  The  EFM2  method  was  used  as  the  standard, 
and  the  differences  between  the  EFM2  and  the  regression  discharges  were 
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Table  4.1 

Contractor  Data  Set 
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Figure  4.1  Comparison  of  contractor  computed  discharge  arKi  EFM2  discharge 


Figure  4.2  EMF2  discharge  versus  cunre  number 
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Figure  4.3  EFM2  discharge  versus  time  of  concentration 


Figure  4.4  EFM2  discharge  versus  slope 
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Figure  4.5  EFM2  discharge  versus  watershed  length 


1  10  100 
Orarnage  Area  Caere) 


Figure  4.6  EFM2  discharge  versus  drainage  area 
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Regression  Cooputed  Discharge  Ccfs^ 


EFM2  Computed  OlschBTOo  Ccfs^ 


Figure  4.7  EFM2  discharge  versus  regession  ccxnputed  discharge 


compared  to  the  diH'erences  between  the  EFM2  and  the  contractor  discharges, 
as  follows: 


^FM2  ~  discharge  computed  &om  the  EFM2  program, 
Qj^  =  discharge  computed  from  the  regression, 

Qq  =  discharge  computed  by  the  contractor, 

%  Diff.  Q|^  =  (^^EFI^'^rV^EFMT* 

%  Diff.  Qq  =  (QeFM2’^^^^EFM2- 


Average 
Maximum 
Minimum 
Std.  Dev. 


%  Diff.  Q 

_ R 


-1% 

+29% 

-84% 

+20% 


%  Diff. 


-4% 

+100% 

-26% 

+17% 


Notice  that  a  negative  indicates  that  the  compared  methodology  over-estimated 
the  EFM2  discharge.  The  regression  procedure  average  is  slightly  closer  to  the 
EFM2  procedure  than  the  contractor  procedure,  and  the  standard  deviation  of 
the  contractor  procedure  is  slightly  lower  than  the  regression  procedure.  Maxi¬ 
mum  and  minimum  values  are  also  shown.  In  general,  the  statistics  show  that 
the  regression  method  is  about  as  accurate  as  the  contractor  procedure  for  the 
data  set  used. 

Figures  4.8  through  4.11  are  frequency  distributions  of  the  data  utilized  to 
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Figure  4.8  Drainage  area  frequency  distribution 


Figure  4.9  Curve  number  frequency  distribution 
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Figure  4.10  Watershed  length  frequency  distribution 
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(tevelop  the  resressioD  Application  of  the  regression  should  be  limited  to  the 
range  of  data  within  each  of  the  four  parameters.  If  the  range  of  data  of  any 
one  parameter  is  not  contained  within  the  graphs,  the  regression  should  not  be 
used. 


4.1J!  Computational  Procedures 

As  a  result  of  this  |m>ject,  the  following  procedures  were  developed: 

a.  DRPipe,  originally  developed  by  the  Vicksburg  District,  computed  the 
size  of  the  riser  and  conduit  pipe  for  combinations  of  flow,  pipe  size, 
and  bead  over  the  riser  pipe  inlet  This  program  was  modified  to 
include  a  weir  coefficient  that  varies  as  a  function  of  the  ratio  of  the 
head  over  the  weir  crest  and  the  radius  of  the  riser  pipe.  The  modifi¬ 
cation  is  based  on  physical  model  studies  by  the  Bureau  of  Reclamation 
(1974)  on  "glory  hole"  type  ^illways.  A  recommendation  is  made  to 
test  this  modification  using  the  typical  drop  pipe  entrance.  This  program 
was  developed  in  Fortran. 

b.  PDROP  is  a  Lotus  ^readsheet  program  developed  as  an  alternative  to 
the  DRPipe  program.  Lotus  was  used  because  of  the  ease  in  data  entry, 
better  gr^hics  di^lay,  and  the  convenience  of  the  HP  9SLX  Palmtop 
computer.  The  Palmtop  is  6.3"x3.4"xl"  and  weighs  only  11  ounces.  In 
addition,  the  ^readsheet  is  available  for  use  on  laptop  or  desktop  PC 
devices. 

c.  REGRESS  is  the  simple  regression  of  drainage  area  and  2-yr.  discharge 
data  that  may  be  useful  in  quickly  estimating  drop  pipe  discharge. 
REGRESS  is  available  on  Iwth  the  Palmtop  and  the  PC  devices  in 
^readsheet  form. 

d.  EFM123  is  a  spreadsheet  version  of  EFM2,  incorporating  the  same 
relationships  as  developed  by  the  SCS.  The  primary  diHerence  is  that 
the  2-yr.  precipitation  must  be  given  as  input  data  whereas  in  the  SCS 
program,  the  precipitation  can  be  read  from  a  file  for  each  county  in 
Mississippi.  The  program  is  available  on  the  Palmtop  and  on  the  PC. 

Two  versions  of  PDROP  are  included  with  this  report,  PDROP  is  a  full 
version  of  the  program  with  documentation  included  on  the  spreadsheet  and 
PDROPP  is  a  simplified  version  with  portions  of  the  program  protected  against 
accidental  change.  EFM123  is  the  full  documented  version,  EFMP  is  the 
protected  version.  REGRESS  and  REGRESP  are  also  given.  Figure  4.12  is 
the  data  input  and  calculation  portions  of  the  PDROP  ^readsheet  and  the 
grqihs  shown  as  Figures  3.1  and  3.2  were  developed  using  PDROP.  Fig¬ 
ure  4.13  shows  data  and  result  portions  of  REGRESS  and  EFM123.  In  each 
of  these  positions  of  qjreadsheets  shown,  the  shaded  portion  is  the  data  input 
required. 
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REGRESSION 

DRAINAGE  AREA 

(acre) 

78 

DISCHARGE 

(ds) 

144.5292 

EMF123  -  HYDROLOGY 

Enter 

CURVE  NUMBER 

85 

PRECIPITATION  (In) 

3.4 

BASIN  LENGTH  (ft) 

3400 

AREA  (acre) 

90 

SLOPE  (%) 

10 

TIME  OFCONC  (hr) 

0.679004 

PEAK  FLOW  (cfs) 

32.85139 

Figure  4.13  REGRESS  and  EFM123  data  input  screens 

4^  Recommendations 

Use  of  the  PDROP  and  REGRESS  ^readsheets  can  result  in  significant 
reduction  in  the  time  required  for  hydraulic  design.  The  range  of  iq)plicability 
and  limitations  of  the  REGRESS  relationship  were  discussed  in  Section  4.1.1 
and  the  user  must  be  aware  of  the  limitations.  More  confidence  in  the  regres¬ 
sion,  additional  r^ressions  for  other  watershed  conditions,  and  the  usefulness 
of  regressions  could  be  strengthened  by  developing  the  statistics  on  other  data 
sets. 


The  time  required  to  manually  determine  slope,  land  use  area,  soil  type 
area,  and  total  linage  can  be  considerably  reduced  if  all  the  data  required  are 
scanned  into  an  Intergraph  computer.  This  will  allow  the  full  EFM2  or  TR55 
hydrology  program  to  be  used,  thus  removing  some  of  the  uncertainty  intro¬ 
duced  using  a  simple  drainage  area-discharge  regression.  This  work  is 
underway  at  WES.  Development  of  the  Intergraph  procedure  will  allow  rapid 
comparison  of  watershed  slopes  measured  from  soil  association  data  and 
topographic  mapping. 

The  total  investment  in  drop  pipes  in  the  DEC  is  considerable.  Two  addi¬ 
tional  recommended  studies  are:  a)  calibrate  a  weir  coefficient  for  a  range  of 
commercial  pipe  diameters  and  for  a  range  in  bead  using  prototype 
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construction  including  the  anti-vortex  assembly,  and  b)  monitor  a  series  of  5  or 
6  constructed  drop  pipes  by  recording  inflow  and  outflow  head,  and  watershed 
precipitation  at  several  locations.  Monitoring  could  be  concentrated  on  adja¬ 
cent  small  watersheds  to  minimize  costs.  These  recommended  studies  could 
prove  cost  effective  in  making  minor  improvements  in  the  design  and 
construction  process. 

Consideration  should  be  given  to  using  the  drop  pipe  with  larger  discharge 
capacity  and  in  different  applications  than  have  been  used  by  the  Corps  of 
Engineers  in  the  DEC  project.  The  SCS  constructed  drop  road  culverts  on 
Beartail  Cr.  and  Hotopha  Cr.  are  examples  of  larger  structures  that  seem  to 
work  well.  Perhaps  this  type  of  structure  could  be  used  with  a  infrequently 
over-topped  fill  to  stabilize  relatively  small  streams  in  the  upper  watersheds. 

Consideration  should  also  be  given  to  a  design-construct  contract  for  place- 
ment  of  typical  pipe  drop  structures.  Where  applicable,  the  combination  of 
DRPIPE  and  REGRESS  spreadsheets  allows  rapid  computation  of  pipe  size 
and  elevation,  and  provides  a  feasible  on-site  design  tool. 


E24 


Appendix  E  ExpedMoue  Design  &  Review  of  Pipe-Drop  Drainage  Features 


REFERENCES 


Bureau  of  Redamation,  1974.  Design  of  Small  Dams.  United  States 
Govonmait  Printing  Office,  816  pp. 

Soil  Conservation  Service,  1984.  Engineering  Fidd  Manual.  United  States 
Govemmoit  Printing  Office. 

Soil  Conservation  S^ice,  Engineoing  Division,  1986.  Urban  Hydrology  for 
Small  Watersheds.  Technical  Release  No.  55,  U.S.  Department  of 
Agriculture. 

Soil  Conservation  Service,  1989.  Engineering  Fidd  Manual,  Chapter  2, 
Estimating  Runoff  and  Peak  Discharge.  United  States  Dq>artment  of 
Agriculture. 


Appsfidbc  E  RafifafieM 


E25 


1  REPORT  DOCUMENTATION  PAGE 

Form  Afiproved 

OUB  No.  0704-0188 

ruMk noonma burtf" «w thi* coNMten oT mlormitioo ■« miimM to avoroat  t  hour pw rnp^. incliidti^ ^ limo for  lp««ru«t*ein- 

Of  infQfiintlon.Indudlno  momHioni  for  ndudng  tMs  bufdtfi.  to  Wi^ngton  HttiflNiiirun  Stfvicn.  (Mrcctoratc  W  information  Optrations  and  *215  iaffanon 

SHwHSighway  $**«•  1204.  Afl*n9Son!vA  2225-4302.  and  to  th#  ONka  of  Manaqtmant  and  OtidQct.  Paparworti  Raduction  Protect  (0704-0100).  Waahington,  DC  20503. 

June  1993  1  Fmal  iq)oit 

4.  mi  AND  SUBTITLE 

Demonstration  Erosion  Control  Project  Monitoring  Program, 

IHscal  Year  1992  Report;  Volume  VI:  Appendix  E,  Expeditious  Design 
and  Review  of  Pipe-Drop  Drainage  Features 

5.  FUNDING  NUMBERS 

8.  AUTHOtKS) 

Chester  C.  Watson,  Steven  R.  Abt 

7.  ratFORMING  ORGANIZATION  NAME(S)  AND  AOORES$(ES} 

Civil  Engineering  Department 

Engineering  Research  Center 

Colorado  State  University 

Fort  Collins.  Colorado  80S23 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SfONSORWG/ MONITORING  AGENCY  NAME(S)  AND  AOORES$<ES) 

U.S.  Army  Engineer  District,  Vicksburg 

3550  1-20  Frontage  Road 

Vicksburg,  Mississippi  39180-5191 

U.S.  Army  Engineer  Waterways  Experiment  Sution,  Hydraulics  Laboratory, 

3909  Halls  Feny  Road,  Vicksbuig,  MS  39180-6199 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

Technical  Report 

HI^93-3 

11.  SUmjMENTARY  NOTES 

The  main  text  and  ^ipendixes  A-F  were  published  under  separate  cover.  Copies  are  available  from  National 
Technical  Information  Service,  5285  Port  Royal  Road,  Sprin^eld,  VA  22161. 

12a.  OISTIUBUTION/AVAILABiUTY  STATEMENT 

improved  for  puUic  release;  distribution  is  unlimited. 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  wordt) 

The  purpose  of  monitoring  the  Demonstration  Erosion  Control  (DEC)  Project  is  to  evaluate  and 
document  watershed  response  to  the  implemented  DEC  Project.  Documentation  of  watershed  responses  to  DEC 
Project  features  will  allow  the  participating  agencies  a  unique  opportunity  to  determine  the  effectiveness  of 
existing  design  guidance  for  erosion  and  flood  control  in  small  watersheds.  The  monitoring  program  includes  11 
technical  areas:  stream  gaging,  data  collection  and  data  management,  hydraulic  pciformance  of  structures, 
channel  reqwnse,  hydrology,  upland  watersheds,  reservoir  sedimentation,  environmental  aqiects,  bank  stability, 
design  tools,  and  technology  transfer. 

The  putpose  of  work  described  in  this  Appendix  is  to  develop  a  procedure  for  the  design  of  pipe  drop 
structures  that  will  reduce  the  overall  costs  of  hydraulic  engineering  and  design  for  these  features.  Both  the 
hydraulic  and  hydrology  aqiects  of  the  design  process  are  examined  and  modifications  in  the  design  process  are 
recommended. 

14.  SUBJEa  TERMS 

Drop  pipe  stnictuies  Hydraulic  design 

Erosion  control  Hydrologic  design 

15.  NUMBER  OF  PAGES 

30 

18.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 
OF  REFORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 
OF  THIS  RAGE 

UNCLASSIFIED 

19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

NSN  7S4041-280-5S00  Standard  Form  298  (Rtv  2-89) 


Pmcrtib96  by  ANSI  Std 
2ft- 102 


